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PREFACE TO THE SERIES 


"Working Papers in Environmental Economics and Planning" 


This report is the first in a new series, “Working Papers ‘in 
Environmental Economics and Planning". This series has been 
established to disseminate the results of empirical research on 
the economic and social aspects of environmental issues. Four 
important trends have recently combined to make it necessary to 
now consider the economic consequences of environmental 
protection activities more explicitly and to employ economic and 


planning tools in developing new pollution control policies. 


First of all, we are in a period of resource constraint which 
impinges upon all sectors of the economy and society. It is 
important, therefore, to be sure that pollution abatement 
activities are both rational (that the benefits are reasonably 
commensurate with the costs) and Cost-elfective (that op jectives 
are being accomplished in a least-cost manner). AS economics is 
the science of scarcity, economic analyses of environmental 
problems and policies constitute an important addition to 


environmental management methods. 


The second factor that necessitates the use of more economic and 
planning techniques stems from) the relative success we have had 
in implementing pollution control programs for most of the 
"yoint-source" waste emissions in the Province. However, where 
treatment and control systems are in place, the remaining 
POllucion, May COStoas Much OL MOre, LO -Creat as id all that® bas 
been accomplished to date. Polluters who must bear these high 
added costs understandably object. Under’ these circumstances 
the benefits Of the last increments of abatement may have to be 


more systematically evaluated. 


Traditional environmental management approaches may not be 
appropriace in Some instances. Priorities must, thereflore,* be 
established and careful planning of future land uses is 


essential to the control and resolution of these problems. 
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A third important reason why economic and planning tools must be 
utilized derives from the expanded definition of environment to 
tpclude, more, than) just «airgewater andtland*»ortthe liquid, 
gaseous Or solid wastes with which we have traditionally had to 
deal. In addition to these categories and to plants and 
animals, environment has been defined to include social, 
cultural and economic conditions, man-made structures and 
devices and any "heat, sound, vibration or radiation resulting 
danectly orrindinectly «fromothenadtiviities johimanits cin shont) 
we must now be concerned with far more than just what is coming 


oOuk ‘OL «pipes, stacks or «garbage trucks« 


Given this widened definition of the environment, both economics 
and planning methodologies can provide an increased understand- 
ing of the interrelationships among the various components that 


make up this "new" environment. Moreover, environmental- 
economic trade-offs must be made involving a number of factors 
that are not easily quantified or compared. Nevertheless, 
benefit-cost and social impact analyses are being required at 
all levels of government so that the development of techniques 
to measure and evaluate these intangibles is imperative. For 
these techniques and the data to use them, we must turn to the 
social sciences as well as to the physical and applied 


sciences, such as biology and engineering. 


Finally, a fourth issue arises from an increased awareness of 
environmental problems by the public and from the increasing 
expectations of citizens for a safe and clean environment. 

Ever since popular opinion polls on the subject have commenced, 
people have registered their desire for environmental quality 
and ‘protection near the top of the priority,lists. Governments 
are under pressure, therefore, to react to these expressed 
desires. However, governments must determine just how far they 
ought to go in enforcing environmental protection to satisfy 
public demands for this service. Some balancing of ‘thevcosts of 
achieving environmental quality against the benefits must, in 


some instances, take place in order to avoid undue social 


disruptions. 
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Consequently, in order for both governments and the public to 
make better decisions from the plethora of- facts, figures and 
Opinions about what is wrong and what ought to be done, a more 
systematic and accessible ordering of information will be 
necessary. Planning and economic studies will yield a clearer 
picture of the implications and the consequences of the 
dpeterent possible: courses oiVaction. >in particular, the 
economic, social and poldatical costs,of achieving public 
expectations and demands for environmental quality can be better 
identified. The assembly and dissemination to the public of 
information about the economic and social consequences of 
environmental management efforts should help understanding and 
gain acceptance of the difficult environmental-economic 


trade-offs that, in many cases, must be made. 


The series has been established to provide access to well 
researched and documented studies that will contribute to our 
understanding of environmental problems and to suggest new ways 


of dealing with them. 


It is hoped that this report will be useful to researchers and 
managers in both public and private sectors who have an active 
interest in the past effects and future consequences of 

government policy on the pulp and paper industry. Comments on 


this and future working papers will be welcomed. 


CT ann Oconee 
Assistant Deputy Minister, 
Environmental Assessment 


and Planning Division. 


Digitized by the Internet Archive 
in 2024 with funding from 
University of Toronto 


https://archive.org/details/31/761118938513 
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ABSTRACT 


In this study, an econometric model of the Canadian 
pulp and paper (P & P) industry has been used to analyze the 
impact of pollution abatement costs on the industry. The 
model used here is a revised version of a model developed by 
R.A. Muller.* This model can be used to assess the impact of 
pollution abatement expenditures on production, employment, 
prices and capacity growth in the pulp and paper industry. 
The results of the simulations indicate what the effects 
would have been over the time period of the available data, 


1958-1974. 


The results of this study corroborate Professor 
Muller's earlier conclusion that the Canadian pulp and paper 
industry markets are not very sensitive to cost changes of 
the magnitude contemplated for pollution abatement (Muller, 
September «1975 rpgsi2i25-26) «)Thevettect of such .cost 
increases on the Ontario industry depends crucially on 
whether abatement costs are imposed outside of Ontario as 
well as in the Province. When all producers face similar 
cost increases, Ontario producers are not likely to suffer 
significantly. WMoreoverpnlt qthescostrincreases gare pheld 
below 5%, then the impact on output and employment is small 
whether or not similar costs increases are experienced 


elsewhere. 


. R.A. Muller, "A Simulation of Adjustment to Pollution 
Control Costs in the Pulp and Paper Industry"' 
Unpublished Ph.D. Thesis, University of Toronto, 
Department of Economics, 1975. 
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PREFACE 


Public enthusiasm for improvement in the quality of the 
natural environment has long been tempered by a fear that 
strictly enforced pollution controls might lead to wide- 
Spread reductions in industrial output and massive losses of 
employment. Nowhere has this ambivalence been more evident 
than in the case of the pulp and paper industry, simultan- 
eously the source of a large fraction of industrial wastes 


and of employment across the country. 


Public recognition that* pollution control may entail’ a 
loss of employment in some pollution intensive industries 
has made it easy for some to argue that the Ontario Govern- 
ment should not be quick to legislate mandatory levels of 
waste abatement for the pulp and paper industry nor to 
penalize companies whose effluent discharges fail to meet 
reasonable water quality standards. The strength of these 
objections to the pursuit of improved water quality cannot 
be evaluated without some evidence as to the probable 
magnitude of the output and employment effects to be expec- 
ted when industrial costs rise due to pollution abatement 
expenditures. This present study represents a valuable 


contribution to our meagre stock of empirical work on this 


issue. 


Mike Fortin has imaginatively extended my own previous 


work to construct an econometric model of the Canadian pulp 
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and paper industry and its Ontario sector. This model is 
capable of analyzing the effect of cost changes in Ontario 
aione, in the rest of Canada, and: in all of North America. 
It 1s gratifying to see my initial approach extended in such 


a thoroughly competent manner. 


The empirical issues surrounding the imposition of 
pollution control cannot be resolved by one study alone. 
Other approaches to the issue are possible, particularly 
those which focus on the nature of interregional competition 
more closely than does the present model. I hope that other 
studies of the pulp and paper industry will be undertaken; 
studies which could serve to confirm or modify the conclu- 
sions reached by Mike Fortin. In the meantime, however, his 
study represents a significant advance in our ability to 
cast this policy issue into quantitative terms. I commend it 


to all those involved in formulating environmental policy. 
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INTRODUCTION 

In this study, an econometric model of the 
paper (P & P) industry has been used to analyze 
pollution abatement costs on the ima aaae The 


analysis suggest that added pollution abatement 


Canadian pulp and 
the impact of 
results of this 


costs will not 


cause Ontario pulp and paper mills to lose sales or jobs as long 


as pulp and paper mills in the rest of Canada or the United 


States incur similar pollution abatement costs. 


Studies commis-— 


sioned by the International Joint Commission indicate that pulp 


and paper mills have had to achieve a greater degree of pollution 


abatement in the U.S. than they have in Canada and Given eat 


Indeed, the results of the simulations accomplished in this study 


indicate that the impact of abatement costs on the industry in 


Ontario *Mignt bé 4s ron ME Pean Gonby epp: 


ee these costs exceed 5% of total industry costs; and 


ere they are imposed only on Ontario producers and not on 
producers elsewhere in Canada or the U.S. 


ui The model was designed by Professor R.A Muller of McMaster 
University (Muller, i975). This paper draws. heavily» from 
his design, his analytical methodology, and the many 
suggestions he personally has offered in the course of this 


current work. 


2 The Great Lakes Water Quality Board of the 


International 


Joint Commission published the results of a study that 

compared the environmental objectives for Ontario and the 
U.S. pulp and paper mills as well as the progress achieved 
by these industries toward reaching them. This study found 
that U.S. federal objectives were more stringent for BOD5, 


while Canadian federal guidelines are more 


stringent for 


suspended solids. Between 1967 and 1977 the U.S. mills 
exhibited a higher percentage reduction in both BODs and 
suspended solids loadings than did mills in Ontario. 


International Joint Commission, Great Lakes Water Quality 
1977 Annual Report, Windsor, Ont.: Great Lakes Water Quality 


Board ZeLIGPlLieisn ps0. 


This paper proceeds in the following manner. A brief 
description of econometric models in general, and of this model 
in particular, are given and the application of this model to 
policy analysis is described. Finally, the results of the 


analysis are presented. 


In the Appendices, a formal description of the model is 
presented along with a discussion of the statistical tech- 
niques used, a listing of the data used in the model and a 


complete listing of policy analysis results. 


PULP AND PAPER INDUSTRY MODEL 

Econometric models are statistical tools used for empirical 
economic analysis. Their design begins with an initital 
conception of how decision-makers in the industry behave in 
response to changes within the industry and in the economy at 
large. The conception of behaviour embodied in the model 
constitutes the economic theory that is used. Like any useful 
theory, economic theory is a highly simplified rendition of the 

world and resulting models are necessarily quite stylized 


Simplified versions of reality. 


The economic theory postulates causal relationships. These 
relationships are then written mathematically in the form of 
equations. Price, for example, is specified as a function of such 
Variables as last year's prices, production costs and the price 
of competing products: 


Price (this year) = oa aj x (price last year) 


+- 
a ag x (producticn come 
- a3; x (competing prices) 


Each variable on the right hand side is multiplied by some 
constant (aye ass a,) which is called a parameter or a 
coefficient in the model. Parameters are estimated from the 
observed data for the variables using a statistical tool 
called regression analysis.> The full model consists of 
equations describing causation which contain: 

a) Variables for which data are obtained by obser- 
vation of the real world. The variables that 
comprise the model may change over time. The 
values of the variables change over time. 

b) Parameters that indicate the relationship between 


the variables in each equation. Parameters are 
assumed to be constant through time. 


The model used in this analysis is a modified version 
of the econometric model of the Canadian pulp and paper 
industry originally designed by Andrew Muller. The changes 
that were made to Muller's model are described in Appendix 
II. Diagram 1 illustrates the rationale that underlies the 
design of the model. The arrows specify casual links 
postulated for the industry in the model. The boxes within 
the dashed outline represent the principle components of 
economic activity in the P & P industry including demand for 
P & P products as well as various elements affecting supply 
and the market price. AS is indicated by the arrows, all 
components interact with one another through indirect 
feedback loops. For example, one can trace the effect that a 


decision to install new equipment that increases capacity 


2 
Regression analysis is a refined version of simple 
correlation analysis. 
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will, in subsequent time periods, influence the degree to 
which industry productive capacity is being utilized. If 
Capacity utilization is very high, management can raise 
prices with impunity. If capacity is seriously under- 
utilized, they will be reluctant to raise 'pricés for fear of 


a loss of sales to competitors. 


In Muller's model, variables within the dashed outline 
are determined within the model. They are called endogenous 
variables. The variables outside the outline have an affect 
on the industry but are not themselves noticeably influenced 
by the actions of industry. These are called exogenous 
variables. The values of individual exogenous variables are 


presumed not to be affected by the model. 


The model builder decides which variables are endo- 
genous and which are exogenous. These decisions, as well as 
the size and complexity of the model, depend in large 
measure on the intended function of the model. Time and 
budget available to the designer also influence the design 


of the model. 


Muller's econometric model of the pulp and paper 
industry identifies the components of the industry's outputs 
and inputs. An important. task of, the current study is to 
incorporate a description of the industry on a regional 


basis. 


Industry products are grouped into four categories for 


Canada: 
1) newsprint - 45% of total output 
7) other pulp and paper board - 23% 
a) woodpulp exports - 25% 
4) Other products - 7% 


and into three categories for Ontario: 


ts) newsprint - 32% of total output 
2) other paper and paperboard - 38% 
2y) other products including woodpulp exports - 30%. 


There are four measures of capacity: 
1) American newsprint capacity 
2) Canadian newsprint capacity 
oy 
4) 


Canadian woodpulp capacity 
Ontario newsprint capacity. 


Apart from capacity, which is a measure of productive capi- 


tal, the two other measures of industry factor inputs are: 


i) labour (total number of employed production 
workers), 
ay a composite index of the consumption of materials, 


supplies and energy.4 


Newsprint is considered to be sold in a common North 
American market. Therefore, total market demand and the 
Canadian and Ontario market shares of this market must be 
estimated. Mcst woodpulp exports go to the United States 


while other paper and paperboard products are sold primarily 


4 

Data for these different variables are drawn from 
Statistics Canada publications and from reports of 
the Canadian Pulp and Paper Association. 


in domestic markets. The level of demand for Canadian output 
and the Ontario share of output for pulp exports and 
domestic shipments of other paper and paperboard must be 


estimated, 


The model can be used to explain how changes in the 
prices of North American newsprint, Canadian woodpulp and 
other paper and paperboard sold in Canada occur. On the 
Other hand, prices paid by Canadian mills for labour, 
materials, energy, capital goods and American woodpulp as 
well as the prices of other paper and paperboard sold in the 
United States are exogenous variables and the present model 


cannot be used to determine them. 


On the other hand, the prices of North American 
newsprint, domestic paper and board and Canadian woodpulp 
are endogenous variables and an important aspect of the 
model is how these prices are thought to be determined. 
Muller views the newsprint and Canadian paper and board 
markets as Oligopolistic in nature (Muller, Sept. 1975, 
p.10). There are relatively few firms who take account of 
each other's activities, especially when it comes to setting 
en i A price leadership model was employed in 
specifying the newsprint price equation (Muller, Sept. 1975, 


p.ll). Canadian firms are assumed to set prices 


5 
About 20 Canadian newsprint manufacturers supply over 


two-thirds of North American newsprint. 


(quoted in U.S. dollars) om the basis Of al target, marx up 
over operating costs. Prices for other paper and board sold 
in Canada are, to some extent, protected from foreign 
competition by tariffs, although the tariffs for these 


products have been declining over the past two decades. 


Because Canadian woodpulp must compete in a tariff-free 
world market, prices are determined by an interaction of 
supply and demand forces. In Muller's model, woodpulp 
exports are assumed to be determined simultaneously with the 
unobserved Canadian net prices and world demand for North 


American woodpulp (see Muller, Sept. 1975, p.7). 


Economic activity has an important temporal dimension. 
This model accounts for the element of time by allowing 
events of previous years to influence current activities. In 
this respect, the model is "dynamic". The time dimension is 
particularly evident in the decisions to change product 
prices and to invest in greater capacity. With respect to 
product prices, it is assumed that last year's price levels 
have a dampening effect on desired price changes in the 
current year. The time factor enters into investment 
decisions because of the long lead times needed to install 
new capacity. New capital goods coming on stream in the 
current year are the outcome of investment decisions made as 
long as two years ago and that were based on production 


costs and product demand of that period. 


POLICY ANALYSIS METHODOLOGY 


First, it must be aeeeeninee whether the model is a 
Satisfactory representation of the industry. This is accom- 
plished by testing the statistical relationship of each 
equation and by determining whether the estimated parameters 
of each equation conform to underlying theory. For instance, 
from economic theory, one would expect that the demand for a 
product is negatively related to its price. This implies 
that the parameter associated with price in the demand 
equation would be negative. Therefore, the regression calcu- 
lation of this equation should yield a negative parameter 
coefficient for the price variable. The next test is whether 
the estimated coefficients and the equations are statis- 
tically significant. This is accomplished by means of 
standard statistical procedures which are applied to the 


estimated regression equations. 


Once it is determined that the signs of the parameters 
conform to theory and the estimates of the parameters or 
coefficients are statistically significant, the model can 
then be used to undertake simulations. The endogenous 
variables can then be calculated for each successive year 
using the known values of the exogenous variables and the 
parameters or coefficients calculated by the regression 
analyses. Calculating these endogenous variables for succes- 
sive years using the model equations and the estimated 


coefficients is called a simulation. 


T= 


The validity of the model will be tested further by 
comparing the estimated or simulated values of the endo- 
genous variables with actual historical values of these same 
variables. If the estimates of the endogenous variables 
coincide with, or "track", the actual values, we have an 
additional measure of confidence that the model is an 


accurate representation of the industry. 


In order to determine how a new policy or a change in 
economic conditions might affect such things as output or 
employment, a shock is introduced into the model which 
represents a possible effect of the policy being considered 
and the simulation is repeated. In the present situation, 
the effects of increased pollution abatement expenditures by 
the pulp and paper industry are being studied. The basic 
effects are an increase in the cost of productive capacity 
that results from capital equipment purchases and an 
increase in variable production costs due to increased 


requirements for labour, energy, chemicals, etc. 


These effects are stimulated by multiplying the cost of 
capital and the cost of labour, materials, supplies and 
energy by simulation coefficients with preselected values. A 


value of one (1.00) implies that there is no cost increase. 


6 

Variable production costs are costs incurred only if 
the company engages in production. An example is the 
wage paid to production workers. Fixed costs, on the 
Other hand, are costs incurred by the company even 
when there is no production, an example is the 
servicing costs of outstanding debts. 


a eS 


if; the; coef Licient,.issset. atyiluO 5,.thise indicates. that 
capital and.productions costs are increased. by 5%. Likewise, 
a coefficient value.of, 1.10. implies.a cost, increase of 10%. 
Representation of increased capital costs was achieved by 
raising the ‘cost of capital (i.e. the interests rate) .so0,that 
the unit cost of new capacity is increased. In the model, 
this would be translated into an increase in the cost of 


producing.a:unitsof, output. 


At the time that simulations were being undertaken, no 
estimates of the cost of the added pollution abatement in 
pulp and paper mills were available. Moreover, it was, and 
still is, difficult to estimate the dollar value of the 
possible cost increases. Consequently, cost increases of 1%, 
5% and 10% were specified by setting the simulation coef- 


fients, to.d .Oles.d.05 andes! .j,and performing. the, following 


Cesiss 
i) A control simulation without any shocks. 
eae Ontario production costs increased by 1%. 
3) Ontario production costs increased by 53%. 
4) Ontario production costs increased by 103%. 
5) 5% increase of production costs throughout Canada. 
6 ) 5% increase of production costs throughout Canada 


and the United States. 


The first test indicates whether the model is accurate 
in reproducing historical values and serves as a bench mark 
against which the results of subsequent simulation tests can 
be compared. Tests #2 through #6 define the cost increases 
which might be imposed on the industry by pollution 


abatement requirements under different conditions. 


a ee 


A policy of deliberately exempting Ontario mills from 
pollution abatement requirements was deemed impractical so 
that a simulation test that defined lower pollution 
abatement expenditures in Ontario than elsewhere was not 


expPlieltery run. 


The data in Table 1 present the new capital investment 
undertaken in 1976 and 1977 as well as the values of labour, 
energy, supplies and materials used during 1975 and 1976. 
The dollar amounts that would be implied by a l, 5 and 10% 
increase in these investment and operating costs are also 


indicated in Table l. 


The operating cost increases for Ontario mills were 
estimated as percentages of the total costs of labour, 
energy, supplies and materials. This probably overstates 
these costs because increases due to pollution abatement 
will be reflected primarily in energy and labour costs, not 


in the increased use of materials and supplies. 


The simulated values of key endogenous variables 
without the additional abatement costs are then compared 
with calculated values of these variables from the 


Simulations that have incorporated the added expenditures. 


ee 


TABLE 1 


"ORDERS OF MAGNITUDE" OF COST INCREASES 
IN THE PULP AND PAPER INDUSTRY IN CANADA AND ONTARIO 
WHICH WERE USED TO "SHOCK" THE SIMULATIONS 


Investment (Paper and Allied Industries) * 


Percentage of New 
Capital Investment 
New 
Year Repair Capital Total. 1% 5% 10% 


(S millions) 


Ontario 

LOG 11149 280.5 392.4 2.08 14.0 28.0 
1977 134.9 23558 ih 2 aad, 2.4 11.9 22.8 
Canada 

ES76 498.1 688.7 1,186.9 6.9 34.4 68.9 
19nd 487.7 784.4 epi eulee ated ee) 39.2. 78.4 


Expenditures on Labour, Energy, Supplies and Materials 
(Paper and Allied Industries)* 


Percentage of 
Total Expenses 
Total 
beabounry (BNergy jouppl tea. Le xpenseauls 5% 10% 


(S$ million) 


Ontario 
LO ES | 164.7 S2.6 440.0 G07 65 6.9 34.4 68.8 
1976 Zoe) Los 579.4 948.4 Diere 47.4 94.8 
Canada 
1975 154.9 S98 ie Zao). SOD ele OST Ose Oo oat 
1976 pieced 540.5 2,7 3266 AGO Zed Bow 2 oe Or 1 eS Lee 
- 
Sources: Statistics Canada, Public and Private Investment - 
Outlook “£978 ,.Catalogue #61—-205, pp. 5, 22. 
2 


Statistics Canada, Annual Census of Manufacturers, 
Pulp and Paper Mills, Catalogue #36-204, 1976, June 1976. 


* Pulp and paper mills constitute about 90% of the total investment 
recorded for this sector. 


ede 
REGRESSION AND SIMULATION RESULTS 


There are nineteen "stochastic" equations in the 
stato The parameters in these equations must be esti- 
mated by regression analysis. Seventeen other equations in 
the model are accounting identities for which no regressions 
need be run. Examples of identities are the two equations 
that measure total Canadian and Ontario output by summing 


the outputs in the various product categories. 


For each regression there is a correlation coefficient 
measuring the "goodness of fit" or the degree to which the 
equation can explain changes in the dependent variable, such 
as price in the earlier example. The value of the correl- 
ation coefficient varies Sotyeen 0 and 1. The average 
correlation coefficient for all 19 regressions is .9336. The 
lowest score is .7352 and the highest is .9996. This means 
that, on the average, the model can be used to explain 93% 
of the movements in variables that are determined within it. 


This figure is reassuringly high. 


Correlation coefficients below .9 were obtained in the 
regressions of equations which determine Ontario employment 


(.735), Ontario woodpulp exports (.81) and Canadian output 


Stochastic equations refer to those equations which 
specify a random variable or "error term" to help 
explain changes in the dependent or "left hand side" 
(LHS) variable. 


mid ae 


of residual products (.84). The estimates of these variables 
in simulation tests have, therefore, a greater potential for 
error), than do, equations with. correlation coefficients, of .9 
Or more. All the regression coefficients have the correct 
Signs and the other statistical tests of the quality of the 


regressions are generally acceptable. 


The results of the "control" simulation (Test #1) also 
appear to be reliable. Over the time period for which data 
were available (1958 to 1974), the average error or dif- 
ference between the actual and the simulated values of 
variables determined by stochastic equations was ele oe 
Five variables were tracked which had an average error that 
exceeded 5%: 

bh Canadian industry consumption of materials, 

supplies and energy (5.90%) 
Price of newsprint (5.333%) 
Residual Canadian industry output (24.25%) 


2) 

3) 

4) Ontario woodpulp exports (5.093%) 
5s) Canadian woodpulp exports (5.35%). 


The average errors for the total industry outputs in Ontario 
and Canada were 2.64% and 2.90% respectively, a reasonably 
low error. Based on these results, it is concluded that the 
model can be usefully applied to policy analysis. The only 
caveat is that inferences should be made primarily on the 
basis of variables that do track well in the control simu- 


lation and that have good regression results. 


8 
This figure is the average root mean squared 
percentage error. 
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From these simulation results, a margin of error of 
about 5% in the simulation tests can be anticipated. The 
results of the simulations indicate how industry partici- 
pants would have reacted to changing demand, rising costs, 
etc. over the test period of 1958-1974 assuming that 
industry participants behave in a rational manner. Note that 
the simulation results are the estimated annual values of 
output and employment that could have occurred over the test 
period as a result of the cost increase. They are not 
predictions of future output or employment changes. However, 
if we assume that industry participants will continue to 
react to future changes in costs in the same way as they 
have done in the past, these simulations provide an 
indication of the magnitude and the direction of future 


consequences of cost changes. 


The simulation test values of key industry variables 
are plotted in Figures Ito 10% ‘Ontario’ prodiicers are 
affected most when abatement costs rise in Ontario but not 
elsewhere. For example, over the test period, a cost 
increase of 1% results an a "fall in total Omterio production 
by an average 2%, an 11% decrease in output results from a 
5% cost increase, and a 22% Ontario production decrease is 
generated by a 10% cost increase (see Figure 5). The corres- 
ponding declines in employment depend on the assumption that 
is made about the extent to which extra labour will be 


required to operate pollution contro) facilities. 
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Where it is explicitly assumed that employment would be 
increased in the industry by exactly the same percentages as 
the cost increases to undertake abatement activites, reduc- 
tions in employment are not as large as those that occur for 
Output. If it is assumed that no employment is generated by 
abatement activities (an extreme assumption), and Ontario 
mills alone bear cost increases of 5 or 10%, then the 
decline in market shares and employment over the study 


period is considerable. 


However, in the more likely instance that abatement 
programs are undertaken by producers in other Canadian 
provinces and in the U.S. as well as Ontario, mills in 
Ontario would not suffer losses in sales or employment. 

From Figures 1 and 4, it can be seen that total Canadian and 
Ontario outputs do not change significantly. Broductyvon tin 
Ontario increases slightly along with Canadian output. 


In both cases, the average percentage changes are under 1%. 


At this time, there is not enough empirical information 
available to determine the extent to which employment would 
be increased by abatement activities. Even if abatement 
activities require no extra Vabour, wheesinMleavion, vesules 
show that Ontario mills do not suffer a loss of jobs as long 
as producers in the rest of Canada or in the U.S. incur 


Similar cost increases. 


Tes 


It should be noted that these employment effects are 
Only first round effects and do not account for increased 
employment generated by the expenditures of the equipment 


manufacturing industry. 


We can safely conclude, therefore, that as long as 
production and sales are not in some way curtailed by 
increased pollution abatement costs, pollution abatement 
will not result in any loss in employment. 

* 

In all of the simulation tests, the effect on capacity 
growth was very small. Under the worst conditions for 
Ontario, as expressed in test 4, Ontario newsprint capacity 
growth declined by only an average of 1% over the study 


period. 


Based on the results from tests 5 and 6, increased 
costs will result in higher prices for all products. The 
average price rise for newsprint was about 4.5%, for 
woodpulp about 1.3%, and for other paper and board about 
3.2%. Cost increases could not be passed on to produce 
prices in the woodpulp sector to the same extent that was 
possible, in ithe mewsprint ‘sector. This reflects; ‘to some 
extent, the fact that the woodpulp market is more 
competitive than the markets for newsprint and other paper 


and board products. 
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The results of this study reinforce Professor Muller's 
earlier conclusion that Canadian pulp and paper industry 
markets are not very sensitive to cost changes of the 
magnitude contemplated for pollution abatement (Muller, 
September 1975: pgs. 25-26). The effect. on the Ontario 
industry depends crucially on whether abatement cost 
increases occur in the rest of Canada or the U.S. as well as 
within the borders of Ontario. When all producers face 
similar cost increases, Ontario producers are not likely to 
loose their market shares and may even improve their market 
position slightly. Moreover, if abatement cost ineweneee are 
held below Same enon the impact on output and employment in 
Ontario is likely to be small even if abatement cost 


increases are not experienced elsewhere. 


The selected test results discussed above are 
summarized in Table 2 below. A more complete listing of 


these results may be found on Table III-3(A) on page 96. 
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TABLE 2 
SELECTED RESULTS OF SIMULATION TESTS 


THE IMPOSITION OF POLLUTION ABATEMENT COSTS 
ON THE ONTARIO PULP AND PAPER INDUSTRY 


Average Percent Change in 
Ontario Variables 1958-1974* 


Total Ontario Ontario Pulp and 
Shipments of Paper Mill 
Pulp & Paper Production Workers 
(Value of (PWKO ) 
Shipments of 
the Pulp & Ontario Demand for No increase 
Paper Industry Production labour equal in the 
Simulation in Ontario of Newsprint to cose demand for 
Test (QGVRO ) (ONO ) increases labour 
i. “No shock - - - - 
on Ontario costs es) AZ <6 ia - 2.0 
rise 1% 
a3, Ontario: costs pel er ose 0 -3.0 -~10.8 
rise 5% 
a. Ontario. costs -22.4 =5.9 -7.4 -21.5 
rise 10% 
5. Ontario. and sO2 -0.01 oho - 0.2 
Canadian costs 
rise 5% 
6. Ontario, Canadian ao Lee 9 oak 0.4 
and U.S. costs 
rise 5% 
bs Percentages are rounded to the nearest 0.1 percent. 
Note: These percentages indicate the difference that would 


occur between simulations without pollution costs (Test 
1) and simulations with pollution abatement costs. 


Source of Results: Table III-3(A), page 96. 
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APPENDIX I 


This appendix lists the symbols, equations, data, 
coefficients and parameters used in the model. 


ier 


SYMBOL DEFINITIONS 


ENDOGENOUS VARIABLES: 


KNC 
= Canadian newsprint capacity 
KNO 
= Newsprint capacity, Ontario 
KNU 
ms U.S. newsprint capacity 
KWC 
= Canadian woodpulp capacity 
MC 
= Value of materials, supplies and energy used by the 
Canadian pulp and paper industry, deflated by a 
price index for materials, supplies and energy 
(PMX11) 
MCO 
= Value of materials, supplies and energy used by the 
Ontario pulp and paper industry, deflated by a 
price index for materials, Supplies and energy 
(PMX11) 
PNU 
= Selling price index for American newsprint 
PPC 
= Industry selling price for other paper and board 
PWC 
- General wholesale price index for woodpulp 
PWK 
- Canadian pulp and paper mill production workers, 
+0004 
PWKO 
- Ontario pulp and paper mill production workers, 
'O00's 
ONC : 
- Production of newsprint in Canada in millions of 
tons 
ONO 


- Production of newsprint in Ontario in millions of 
tons 


ONW 


QOTHER 


QOTHERO 


QWC 
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North American newsprint production, millions of 
tons 


Residual production in the Canadian pulp and paper 
industry 


Residual production in the Ontario pulp and paper 
industry (includes exports of woodpulp) 


Total wood pulp production, *'000,000 tons from CPRA 
reference tables 


Ontario production of woodpulp, ‘000,000 tons 


Canadian shipments of other paper and board 
deflated by the price index for other paper and 
board (PPC) 


Ontario shipments of other paper and paper board 
deflated by the price index for other paper and 
paper board (PPC) 


Dollar value of wood pulp exports deflated by the 
general wholesale price index for wood pulp. Taken 
from CPPA reference tables 


AMC, AMCO, ANC, ANCO 


KNW 


Variable requirements needed to produce a unit of 
output 


North American output of newsprint 


QOGVR, QGVRO 


Value of shipments of the pulp and paper industry 
for Canada and Ontario respectively, deflated by 
the price index for pulp and paper mills 


U.S. production of newsprint in millions of tons 


Value of Canadian newsprint shipments deflated by 
the newsprint price index (in effect, iguantity 
multiplied by the 1961 price) 


aD a 


fe Measure Of newsprint capacity utilization in Canada 


RZ) R37: R4geRS 
= Cost variables derived for the capacity equations 


UCAC., -UCACO 


ce Total variable costs per unit of production for 
Canada and Ontario respectively. 


EXOGENOUS VARIABLES: 


ADJ 
as Adjustment factor to reflect U.S. variable cost 
changes in the mid-fifties 
AHEPP 
= Average hourly earnings in pulp and paper mills 
AHEPO 
- Average hourly earnings in pulp and paper mills, 
Ontario 
ee 
- Canadian user cost of capital in paper and allied 
industries, defined using the implicit price 
deflator for capital stock in’ that industry (Stats. 
Canada) 
CU 
= U.S. user cost of capital defined using the price 
index for machinery and equipment (PKUS) 
CIRCUS 
- Circulation of national daily newspapers in the 
Uni « 
EXCU 
- Canadian dollar price of U.S. dollars 
GNEC61 
- Canadian G.N.E.. in constant L961 dollars 
GNEU58 
- U.S. G.NtE. (in ccOnstant 1955 dollars 
PMX11 


- Implicit price index for materials and supplies 
purchased by the pulp and paper industry, 1961 1, 
constructed with data from Cat. 36-204. 


Spi 


SIMULATION PARAMETERS: 


Z1 


Z2 


Z3 ZA 


Z5 


Z6 


PPU 
= Price ‘index -for other paper and ‘boand yy wULs. 
PWU 
= Wholesale woodpulp price index, U.S. 
QGVROSM 
= Smoothed trend of Ontario pulp and paper production 
derived by calculating the first order moving 
reference of the series 
TIME 
- Time trend, 1961 One 
ae 
- Average tariff on paper and board products entering 
Canada 
UCNUB 
2 Unit variable cost index for the production of 
Newsprint an the UlSs; 
WPIC 
= General wholesale price index, Canada, 1961 1.00 
WPIU 
= Wholesale price index, U.S. 
PLPC 
= Canadian price of imports of other paper and board 
REGRESSION COEFFICIENTS: 
K10.” KLOO” -KLlOT RLOG Ye RYORF Raa SK Oe eee 
Kilt (Kime Ke 2 bbs 
Kel 26a RA2 Ole ole ele ee 2a 
Kis. ‘Kisk KIG2 S. Kib3 KL AO ia ik Ag 
K60 Ké6l K62 K63 Ken K73 K81 K83 K90 K93 
K94 K95 K96 N11 Nie N13 N20 N21 N40 N41 
N42 N43 N50 N51 N53 N60 N62 N63 N64 N65 
N66 N70 N71 N72 Nv 


- 3]- 


EAM == EHC+E MU 

HAL == PbO 

PERE ==" PPMenl ttPisa+beGur i nesabs 

HOV == O. Leds LEe+inc+ehiVR+ cP Ve +00 THER 


RAH == 1.1#kK HC cl. Lek HIC-OHES 


UCAR == fo. 4 s9e¢RhMCePMe lito. tee eANCeARHEPP ee. a5 eel 
LO6tofibis = ELOFR LT Le#lLOb (PHLRWPTUo +E eel (6hNEUSS3 +e i Selo & 
RMA GAL = KeOtke lek Hoe KE NU+E Ce elLCAbe UCHR es S+KeBeDEbc cl 
TROLS 

Pilko = ESL#OGYR+K Scere TIME+E S4eP hI o- 13 


TEL&t © PHU = Fe4lieUcAcCeERCUerR eR HC+ES42eFP NU O- 1s eRe 


BE, 
cal 

mm 
tl 


Lol UCAS +PLPE +E aeP Po 1S 


Pe == COebHCUAKDePTUese 


al 
cad 
i 

Hf 


THICHMRIB+AT Io -LP Ties 


F4 == CU-MPIUes4 


FS == CCeEXCULIPIUess 


EI = KAO+KEALe6HEWISS (-25 +heSe RS C-So +k BS ee Co -— 1S 


SPVE = KP le cPRPOChPICs +h se6heCel 


pean! 
ear Y 
ul 


ERESeLlenayVR+E SS 4f c-—13 


mye 

—_ 
Tt 
i 


ESSE Sse Ce ee eee Nt +See kN C1 rk Seri iS © 


BEML = ELOD+E1LTOLeCTRPOUS f-25 +E 1 OS eUCAE C-2o ~ ERED fC -Po tk i oe ers 
fF-fatk LodeRd c-ea +k 1 OSeE HU C-ea +k 1 oe eR ML do 


BAVA == 0, Leds leeone 


LOG esWvRo = K1i1L0+k1114¢LOG (GHEUSS) +k1124L06 CPUC ERCUSWPIUS 
+E 11 24L06 Pub TU 


Gh = KLSO+K LE LOSPVR+E LES eeVR+E 12S e0NVe 


fat 


=. 


sO 78 


TEL ei &§ PWC = ELSLOUCAC+E LS eePhILOERCU+E LSS eFPhiil c—15 
OTHER = EL40+K 141 4#2PVR +e ide ecnec 

BEYER == 2PYRO+0. Leos) e+ehHO+e0OTHERD 

FUE OD = HlleoaVRO+hleevsyvroOe*TIME+Nl serie oO 6-13 

MCO = NeletevreO+he 0 

AHCO == &.116138-0. 04601 ee TIMe 

AMCO == &.,3°8149-0. 152521 -o6oVrRoen 

UCALO ==. (ho, sTSeAMNCOeP isi l+0e 1? Senn eAHEFO-e. S52ece 


SPYRO = H40+H4 leUCACOeWPIC+H4cePP CHW IC+hd Se 6NECe 1 


BAO-OHO = HS0+tNS 1 *+UCRCO-UCMU Bes s+HSeekK HO KHU+HSSeDeEL 21 


II RFCUR 3 


EHO = Heal+neeteClRCue ¢-29 +HeseUCAC f-23 eB RCL -—2s WPT 25 4 


Heder Se C-Sa+Nhe sek HO e-1ls +heeek HO o-eo 


MOTHERO = NrOot+hr leUCACO“EScu-WPIU+H Pr eeUCACeERCUsWPIU+n P34 


IME SiS 
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DATA SOURCES: 


Canadian Pulp 
and Paper 
Association .| 


U.S. , Depiresot 
Commerce. 


Muller, R.A.7¥ 


Statistics 
Canada 


Statistics 
Canada 


Pulp and Paper Mills 


Age 


Reference Tables, Annual. 


Statistical Abstract of the United States 


(Washington, D.C.: U.S. Government Printing 


Oh EayCcene, 


"A Simulation of Adjustment to Pollution 
Control Costs in the Pulp and.Paper 
Industry’; ~University Of Torento, Pha. 
thesis. 


Cansim 


(Cat. #36-204) 
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APPENDIX II 


CHANGES MADE TO THE ORIGINAL MODEL 


Changes that were made to the original model designed by 
R.A. Muller (1969) are described in this Appendix. Changes 
were made to both the data and to the specification of 
equations, these being discussed in turn. A full description 
of the original model is presented in Muller (1975; 
September 197 549 L976 )as 
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he Changes in Data 


Several data series were revised to incorporate the 
information from new or improved series published by 


Statistics Canada. All data are listed in Appendix I. 


CC,CU: The formula used to estimate the user cost of 
capital is the same as that used by Muller (1975, pg. 193). 
A new price index of capital goods was obtained for both 
Canada and the U.S. The U.S. wholesale price index for 
machinery and equipment (1961 100) was used to define CU. 
To calculate cc, the index used was the price deflator for 
capital stock used by Statistics Canada for Paper and Allied 


industries. 


PMX113-This price index replaces Muller's variable, 


PMX10. It is a current weighted index constructed using the 


formula: 
PMX1]1, = FE P,.Q./=EP 6D ney C= 2956 OST eee oe 
Ae Ff ge Bg a GSG61 1 ti {Ss oe 
where 
Q,. == purchased quantity of one of twenty inputs (1) 
used by the pulp and paper industry 
P, == price of the purchased input (1) 


1 


This index will understate the influence of observed changes 


in the input prices. 


= 


Intra-industry shipments of intermediate materials, 
Supplies, and energy were not included in the measures of 
purchases. The necessary information was obtained from the 
Statistics Canada publication Pulp and Paper Mills (Cat. 
#36-204). Prices were approximated using the average annual 
unit cost, derived for each year by dividing total 


expenditure on each input by the purchased quantity. 


The index measuring consumption of intermediate 
materials supplies and energy was re-estimated using PMX1ll 
as a deflator. Intra-industry shipments of these products 
were netted out of the total dollar value of purchases 


before deflating. 


QOTHER,QOTHERO: These two data series were added to 
the model. They are the residual shipments of the P & P 
industry for Canada and Ontario, respectively. The 
by-products of QOTHER are building board and by-products, 
while woodpulp exports make up most of QOTHERO. They were 


9 
estimated as: 


QOTHER QGVR - XWVR - ONVR - SPVR 


QOTHERO QGVRO - QNVRO - SPVRO 


Double equality signs are used to designate an 
identity; single equality signs indicate a functional 
relation. 


lh 


OGVR:. -This,series isan jndex Of physical Shipments or 
products. constructed py deflating dollar values of ~tOuar 
shipments by the output price index. A new price index was 
used to deflate the series - the industry selling price 
index for P & P mills. QGVRO is a Similar index constructed 


by deflating Ontario shipments by the same index. 


XWVR: This is an index for physical shipments of 
woodpulp exports. It was re-estimated using a different 
price deflator - the Canadian wholesale price index for 


woodpulp. 


oy Specification and Estimation of the Model's Equations 


The logical structure of the original model remains 
intact in the revised version used in thisS paper. A fixed 
coefficient production function is retained; demand 
functions and the market share functions are retained; and a 
Similar fixed mark-up pricing mechanism is assumed. As in 
the original model, the present model is made dynamic by the 
imposition of a partial adjustment process in price setting 
and variable factor demand and by the use of a Koyck and a 
Pascal distributed lag structure for the demand for fixed 


Gapital. 


Four significant structural changes were made: 
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a) variable factor supply was made exogeneous to the 
model; 

b) the reduced form equation for woodpulp exports was 
replaced by separate pricing and demand 
equations; 

c) the Ontario portion of the Canadian P & P industry 


was identified by the addition of 10 new equations; 
d) the industry's residual output was estimated using 


an additional equation and an identity was used to 
estimate total industry output. 


These changes will be dealt with in greater detail in the 


discussion of individual equations. 


In order to make the Muller model usefl for an analysis 
of the effects on Ontario producers, Ontario sectorial 
equations had to be specified. This Ontario sector model is 
basically a replica of the Canadian model itself and the 
same general rationale underlies the specification of the 
sectorial equations. However, this current work must be 
taken only as a first approximation to the problem of 
modelling the Ontario industry. For example, the model does 
not fully account for competition between Ontario and other 
Canadian producers. Consequently, the findings relating to 


Ontario require cautious interpretation. 


The model contains 17 identities and 20 stochastic 
equations. Stochastic equations were estimated using 
ordinary and generalized least squares regression 


techniques. An autoregressive correction was used where it 


5A 


was capable of generating a necessary improvement in the 
Durbin-Watson statistic. The capital stock equations, 
however, were estimated using a correction for a lst degree 
moving average error term. A Koyck transformation will 


produce this kind of error term. 


The results of the regression analysis are discussed in 
the following sections on an equation by equation basis. The 
mneumonics used in the regressions reported below are those 


' 10 a be é' : 
used in Troll printouts. Their .internpretation iisicas 


follows: 

NOB = number of observations 

NOVAR = number of variables 

alk ; 2 

RSQ =" coeEfirecient /of muveiple correlatiom hm) 

CRSQ = coefficient of multiple correlation corrected 
for degrees of freedom (RZ) 

F = EF - stathstic 

SER = standard error of the estimate 

SSR = sum of squared residuals 

DW(O) = Durbin-Watson statistic 

GLS = parameters generated by generalized least 

PARAMETERS squares regressions 

COEF = specification of variables subjected to GLS 
transformations 

PARAMETERS = AUTO1L - 1st degree autoregressive correction 
AUTO2 - 2nd degree autoregressive correction 
MAV 1 - 1st degree moving average error term 

correction 
10 


see the Troll Primer published by the National Bureau 
of Economic Research for information on the Troll 
computer program. 
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ay Demand for Newsprint (QNW) 


The Original variables were retained in this equation 
but it had to be estimated in Log form in order to secure 
the correct sign on the price variable. As in Muller's 
Original work, the price variable is not significant but is 
retained for simulation purposes. The third explanatory 
variable, newspaper circulation, also has a low t-score. It 
was nevertheless, retained because it was shown to be a 
Significant determinant in the newsprint capacity equations. 
The Durbin Watson statistic is significant at the 2% level 


(see equation 9-a). 


The best alternative specification was one which used 
an index of total U.S. newspaper advertising expenditures in 
place of U.S. gross national expenditures. These results are 
shown for the Log form (equation 9-b). This specification 
provided superior t-scores but there is a deterioration of 
the sum of squared residuals (SSR) and the standard error of 
the regression estimates (SER). The resulting estimated 
price elasticity far exceeds our a priori expectations and 
causes simulated values of QNW to diverge from actual 
values. In addition, the correct deflator for advertising 
expenditures was not available and we were forced to use the 


U.S. general wholesale price index. 


4. Canadian and Ontario Shares of Newsprint Market 
(ONC/ONU, QNO/QNU ) 


The original specification of this equation, used for 


the third regression shown below (equation 10-c), displayed 
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Equation # 9 - North American Demand for Newsprint 
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a persistent problem of serial correlation of the error 
terms. Since an autoregressive correction was of no avail, 
the problem seemed to stem from the specification. A linear 
version of Muller's second model of the market share 
equation was adopted (Muller, 1975, pg. 173-174). It was 
then postulated that American publishers, who make up the 
largest portion of the market, cut back on purchases from 
Canadian mills first when their own needs for newsprint 
fall. In effect, “a portion of. Canadian production accounts 
for the residual or volatile component of the market. This 
hypothesis was tested by adding the final explanatory 
variable, the change in newspaper circulation. The t-score 
of this variable was is not significant but the estimated 
coefficient does have the right sign and the serial 
correlation problem was resolved. Moreover, the other test 
statistics were markedly improved when this variable was 
added. An F-test was conducted to compare specifications in 
equations’ 10<a” and” 10=by thelresult P's 7.59;)1s 


significant at the 5% level. (Note that ONU= QNW — ONC). 


The same model is used to explain the Ontario share of 
the North American newsprint market. These results are 


reported in equation 35. 


ele Demand for Woodpulp Exports (XWVR, QOTHERO) 
In his original work, Muller was forced to adopt a 
reduced form equation for the woodpulp export market. New 


data have permitted the specification of separate demand and 
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Equation # 10 - Canadian Share of the Newsprint Market 
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supply equations. The demand equation used is one given by 
Muller in an vappendix ‘to ‘his thesis (Mulier, £975) po. 
A second degree autoregressive correction was used for this 
regression and the resulting DuEbAT Watson statisic was 
significant at the 1% level. The two price variables are 
insignificant but were retained for simulation purposes. 
Because the demand equation is in Log form, elasticities can 
be read direclty from the regression parameters or coef- 
ficients. Therefore, the "own price" elasticity of wood pulp 
exports was -.19 and the cross price elasticity was .49. 
While demand is price inelastic, elasticity with respect to 


income appears to be quite high (see equation 24, pg. 57). 


QOTHERO measures Ontario production of P & P products 
net of newsprint and other paper and paper board. This was 
used as a proxy measure of woodpulp exports from Ontario 
Since it is comprised primarily of these. Data limitations 
required the use of a reduced form equation here. Demand was 
assumed to be a function of American national income, the 
Ontario price and the price of competing products. Observa- 
tions were not available for the Ontario price of woodpulp. 
Fixed mark-up pricing was assumed and Ontario unit variable 
costs (UCACO) variable was entered into the demand equation 
in the place of Ontario price. Both the American and 
Canadian woodpulp prices were tried as competing prices, but 
neither had the correct sign. Since the Canadian woodpulp 
prices (PWC) are determined by a fixed mark-up pricing 


hypothesis, Canadian unit variable costs were used to 
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Equation # 24 - Demand for Canadian Woodpulp Exports 
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Equation # 37 - Demand for Ontario Woodpulp Exports 
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represent prices of competing products. The estimated 
parameters had the correct sign but neither price variable 
was Significant. Nevertheless, each was retained for 


simulation. 


Price elasticities could not be estimated for two 
reasons. First the reduced form equation is underidentified. 
Moreover, the use of the Canadian price rather than the 
price set by producers outside of Ontario, means that this 
price is, in part, based on the Ontario price.;/This distor- 


tion suggests that both price coefficients will be biased. 


Although the Ontario equation leaves much to be 
desired, it must stand as given in light of data 


constraints. 


Ors Demand for Other Paper and Paper Board (SPVR, SPVRO) 


Muller's specification has been adopted here with the 
exception that the price of competing products was dropped 
because it had the wrong Sign. The price elasticity of 
demand at the mean is -.07 and the income elasticity of 


demand at the mean is 1.07 (see equation 19). 


We are again forced to use a reduced form equation to 
describe the Ontario market. The derivation of this equation 
is analogous to that of the equation for OQOTHERO.. In sthis 
case, the Canadian price index for other paper and paper 


board had the correct sign and it was not necessary to 
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- Demand for Canadian Paper and Paperboard 
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resort to variable unit costs. The income elasticity of 


demand at the mean was .75 (see equation 34). 


ke Product Prices (PNU, PWC, PPC) 


Product prices were estimated using the same equations 
developed by Muller. The regression results are reported 


on pages 66 and 67. 
An additional equation was added for the price of 
woodpulp to complete the woodpulp sector of the model. For 


this equation, the American woodpulp price adjusted for the 


exchange rate is the limit price. 


The general form of these equations is given as: 


Pp. = ab( J—-c) (UCAC): + fac(PL)” ate ) 


L ie (okay t 
where: a = speed of adustment parameter 
b = long run cost parameter 
Cteds long run limit price parameter 
PL = limit price (price of competing goods) 


Note that in the equation for PPC, the third coefficient is 


(l-a) since PPC is not given in difference form. 


Table II-1l below reports the values of the structural 
parameters as estimated and lists both the mean long-run 
cost “and the limit price elasticities. The Mimit price 
elasticities are labelled (e-UCAL, e-PL), respectively in 


the table. 
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PABLI Li= i 
DEMAND PARAMETERS AND ELASTICITIES 


PPC PNU PWC 
Structural Selling Price Selling 
Parameters Index for Price Index Wholesale Price 
and Other Paper LOC TU. Index for 
Elasticities and Board Newsprint Wood Pulp 
a 1.30 cea Ma 
C a28 - 74 
b Zev) Asoo 2 «Sek 
e-UCAC 99 1.0020 94 
e-PL Beatie! ~ AZ 0 


The adjustment parameter for PNU is derived by multiplying 


the regression coefficient by the mean value of RXNC. 


Although the price equations yielded reasonable 
values for the structural parameters in Muller's original 
work, it is evident that there is something amiss with the 
specification or with the regression techniques now because 
the parameter values given in Table II-1l are not consistent 
with theory. The cost parameter implies that variable costs 
constitute 40% of revenue while in fact they are about 60% 
of revenue. The limit price elasticities are high and the 
adjustment parameters for PPC and PWC exceed unity. These 
equations obviously require further work, but they were used 
as provided. for current simulations, [t is not expected that 
any resulting, errors in the simulations are Serious. If 
anything, the model will overestimate price changes because 


of the high adjustment coefficient. This will exaggerate the 
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Equation # 26 —- Price of Woodpulp 
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response to unit variable cost increases and result in an 
exaggerated response to pollution abatement costs. The true 


response should, therefore, be less than the simulated one. 


8. Industry Output (QGVR, QGVRO) 


In Muller's model, industry output is determined in a 
stochastic equation with the summation of the outputs of 
newsprint, exported woodpulp and other paper and paper board 
as the independent variable. This equation is meant to 
represent an identity but is used because the industry's 
residual product (about 5% of sales) is not explained in the 
model. This is not an unreasonable procedure since much of 
this residual (QOTHER) is comprised of, byproducts and 
services both of which would be closely correlated with 


principal Youtputs. 


It was decided to reinstate the identity status of the 
function describing total output by adding an, equation 
explaining production of residual output. The main obstacle 
to this course of action is that there are no observed 
prices for this residual component. The wholesale price 
index was, therefore, used as a proxy and the following ad 


hoc reduced form specification was tested: 


OOTHER =i (SPVER, OWC; GNECol 7 Weis) 


A priori, the most important RHS variables in this 


Specification are SPVR and QWC since these are less highly 


ago> 


aggregated than the others and, in all probability, more 
closely related to the production of by-products. For the 
purpose of simulation tests, these variables will establish 


an interdependency between QOTHER and the rest of the model. 


Two restricted regressions were made by excluding WPIC and 
then both WP1C and GNEC61. The regression results are 
reported in equations 27(a), (b) and (c) below and F tests 


of the restricted regressions were as follows: 


Ee S Gai 
F a TBZe Ss 
ac 

Pc > -9089 


The unrestricted form CH) clearly has a closer fit 
than the other two. However, only one of the variables, 
WP1C, is significant. Moreover, it does not allow QOTHER to 
move in the same direction as other industry outputs as 
these outputs grow. This specification was accordingly 
rejected. Between specifications b and c there was little to 
choose as is witnessed by the relavent F-scores. The simpler 
specification was chosen for the model’."The implication’ of 
this is that neither supply or demand are price or income 


sensitive. 


The measure of residual output for Ontario (QOTHERO) 
contained largely woodpulp exports and was used as a proxy 
for this variable. The equation for this variable is 
described in the section on woodpulp exports. Total industry 


output for Ontario is given as an identity. 
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Equation #27 - Residual Output of Canadian Producers 


a) MOTHER = FIF0+K1L41*2PVR+E Lt ce#OUC+k 14 Se6bHECel +k 1L4gehiP Ie 


CREt = Woager el Fedet4a = 
Ree = 8, OS SE-OS (QUE i ra 


ico. tee ee ie Bee 


a) 
iT 
all 
aa 
re 
Mm 
fe 
— 
m 
es) 
aed 
| 
ot 
ad 
=| 


aa a 
-U,.c¢04e85 hee 
-4.,6c¢43°E-04 neal 
(he A Ve: i, Otsdo iy 2k 
NUR feo Bee et , OSS oe ee i 


a fn 


Peay Pat ta oT 


toe et Pi fa 


oEey: ma fer hee Ey 


a 
BER f 


Cie SE Tete FARANE TERS 


ALL oy es Pa GE 
b) GOTHER = MEN+MS LAL PVR+MN SS eOhiC+h Sse Gnece 1 


HOR = 15 HOM AR 

FAHGE, = ae 

Raw = mec 
{ 


SER = re Es 1.17SE-n2 Tiled € 0h LS! 


Seer fi 


A 

em) 

| 

£5 

= 
Berane 
i Tt 

pu 

| 
ro aa Th 
ree its a 


C) MOTHER = EL4N+R 141 eSPVR +E Looe cnc 


Coats: CRE = inves ans: eaten pce 


fe) 
{TI 
7 
Ti 
& 
m 
recat 
+ 
7m 
=E 
-— 

| 
—- 
au 
4 


Ridn 0, OF S30 Wf. USA aS 
Kidd 0. S4ee0 7 ie oan 
Eide —0. 02515 HW. une 


fay $2 
Sl) ae) 
ae oe 
es —] 
Cie oi 
~) 17 


mt Lehn nas arate Alb eat Ui Diermate we iit, 


ag i ee 


9. Variable Factor Prices (AHEPP, AHEPPO, PMX11) 


The two equations that explain factor prices described 
the supply side of the factor market in Muller's model. The 
underlying structure is a disequilibrium model with prices 


adjusting gradually in response to excess demand. 


Using new data, it was not possible to get a regression 
that had correct signs on the coefficients as well as a good 
fit. The specification calls for a measure of demand, but 
the available data measure only market transactions. These 
transactions represent actual demand as long as there is no 
excess demand. An additional problem may arise from the 
level of aggregation of the price index for energy, 
materials and supplies. Twenty commodity prices are used to 
construct this index. Some of these commodities are specific 
to the P & P industry while others are widely used indus- 
trial commodities. The attempt to treat several distinct 
markets as a Single market may have not contributed to the 


problems encountered with this equation. 


For these reasons, factor prices have been treated as 
exogenous variables in the present model. This is obviously 
a poor compromise Since certain factor prices will be 
attectediby industry activity. Li-a positive relationship 
between vindustry actavaty andi factor prices is anticipated, 
as the excess demand hypothesis would suggest, then the 


omission Of this Interaction will tend to exaggerate the 


ey 7 


negative impact of pollution abatement costs by not allowing 
the output reductions to dampen upward movements in factor 
prices. At some future date, it would be useful to study 
these interactions more carefully in order to account for 
the collective bargaining process in the labour market and 
disaggregate markets for various energy and material inputs. 
Incorporation of these factors would likely increase the 
accuracy of the model and make it a more flexible tool for 


various policy studies. 


10. Variable Factor Demand (PWK, PWKO, MC, MCO) 


The assumption of fixed technical coefficients was 
retained for these equations. The demand for labour 
equations yielded the best results without the squared value 
of output on the right hand side of the equation. The demand 
for materials, supplies, and energy equations worked best 
with a single variable in output. For the Ontario equation, 
the lagged dependent variable was dropped in favour of an 
intercept. The regression results are reported on pages 73 


and 74. 


Our calculation of AMC, AMCO, ANC and ANCO, the normal 
unit factor requirements, is analogous to Muller's 
calculation. Likewise, the definitions of UCAC and UCACO, 
the indices of unit variable factor costs, are#derived with 
this’formula. For the definition of UCACO, a measure Of 
Ontario pulp and paper industry wage rates was available, 


but PMX11, the national price index, was used for the cost 


Equation # 11 —- Employment by Canadian Producers 
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Equation # 29 - Employment by Ontario Producers 
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Equation # 20 - Purchase of Materials, etc. py Canadian Producers 
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of MCO. The only foreseeable improvement that can be made on 
this use of PMX1l1 is the adjustment of the pulpwood costs 
component of the index since this data may be available for 


Ontario. 


ll. Capacity Equations (KNU, KNC, KWC, KNO) 


The demand equations for capacity incorporated a fixed 
technical coefficient production function as per Muller's 
original’ Specification. The underlying: Structure of his 
final specification is a dynamic profit optimization model 


in the tradition of Jorgenson's work. 


In the present regressions for Canadian capacity in 
newsprint and woodpulp, considerable difficulty was 
encountered in securing the expected signs on the cost 
variables. Both should have been negative, but usually one 
or the other came out positive. The problem may have arisen 
because of the measure of capital that is used, being the 
reported capacity measured in potential physical output of 
paper Or DUlD. AS( such, “Uils 1S, not a direct’ measure OF 
Capital Stock ana Che’ precisenrelaticnship between Capital 
stock and capacity has not been modelled. The relationship 


between capacity and cost is, therefore, not clearly known. 


To investigate the possibility that this is the source 
of our difficulties, the Statistics Canada constant dollar 
measure of P & P capital stock was substituted for capacity 


in the capacity equations. The perversity in the Signs on 
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the cost variables persisted. An alternative explanation of 
the difficulty is that, in ‘the annual data used, the time 
trends dominate the independent variation of costs and 
capacity. Too much information is lost in the ’annualization 
of data to allew our statistical tools to identity the 
underlying relationship. Unfortunately, quarterly data isn't 
available to explore this possibility. Finally, the struc— 
ture itself may be in error because no substitution between 
capital and labour is permitted with fixed technical coef- 
ficients. in production. Tt may be that thespositive- sign on 
Variable: costs 1s pointing to an actual substitution ~ertece,. 
This possibility was not explored at this time since at 
would constitute a major restructuring of the model. In the 
end, the drastic measure of dropping variable factor costs 
from these two equations was adopted. Though this step has 
no econometric or economic justification, Tt Ls expediemer 
and must stand for the time being. The other two capacity 
equations performed adequately with the original specifica- 
tions. Some variables were insignificant but were retained 


for simulation purposes. 


The omission of variable factor costs from the two 
Capacity equations may result in an underestimation of the 
response of new investments to rising pollution abatement 
costs. This will in turn be reflected in an overestimate of 
the output of Canadian newsprint. This aspect of the model 


warrants further investigation and testing with new data. 


Long=run capital stock elasticities at the mean wrcn 


respect to variable and capital costs, are given in Tables. 
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TABLE Li-2 


CAPITAL STOCK ELASTICITIES 


KNU KNC KNO KWC 
US, Canadian Ontario Canadian 
Type of Newsprint Newsprint Newsprint Woodpulp 
BlasStrciucy Capacity Capacity Capacity Capacity 
Own variable = Loe c steg t)') = 
costs 
Own capital Spee Sse: ~ «04 a OR? 
costs 
Canadian vari- <U. = ns = 


able costs 


The Canadian capital stock elasticities are low and 
suggest thatecost.variations are not'’an important factor in 
investmentwdecisions ¢Multler,;<b975, poesell3)44, Phe-aiteparity 
between American and Canadian capacity elasticities is 
Suspicious and calls for further investigation. If American 
investments are not actually as sensitive as indicated by 
these regressions, then simulation tests that have pollution 
abatement costs applied across North America will generate 


results biased: an Canada's’ tavour. 
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Equation # 21 ~ Canadian Newsprint Capacity 
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Equation # 22 - American Newsprint Capacity 
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Equation # 36 - Ontario Newsprint Capacity 
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APPRENDI Gai Tt 


Appendix III describes simulation tests that were conducted 
and presents the results of these tests. 
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1. Control Simulations 


The complete model was simulated over the period 1958 
tO 1974 withoutany, shocks in order to test the capacity of 
the model to track actual historical values. Estimated 
values from the current period are used for lagged 
endogenous variables in the subsequent period. Prediction 
errors are, therefore, cumulative so that any tendency to 


divergence is tested. 


Table Ili-i-reports test statistics for the tracking 
error Of all endogenous and two definition variables. The 
root mean squared percentage error exceeds 5% in only five 
cases: MC, PNU, QOTHER, QOTHERO, XWVR. Three of these are 
output variables which are important for the purpose of 
policy analysis.«<” Thestrackingeerror Bor=total.Canadian’!.and 
Ontari6 sindustry. output "1s"quite low ‘and<errors “in the 
components of output do not contribute significantly to the 


error in estimating aggregate output. 


Actual and simulated values of some of the model's 
prigaciphe warlables are,psrotredain Figures -Lii-t to. di l16. 
Actual values (A) are joined by a solid line and simulated 
values (B) are joined by a dotted line. An underestimation 
of newsprint. prices in the earlier years has evidently 
caused an overestimation of newsprint sales through the same 
per tod, <Simuldted yarues @f the Canadran’residual ‘output, 


QOTHER, vary widely from actual data. This is probably due 
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to the high level of error in the reduced form equation used 
fOr estimation of OOTHER. There, is, little causeformconcern 
because QOTHER constitutes a small proportion of total 


output. The model generally tracks other variables well. 


De Simulation Tests 


More stringent pollution abatement standards can be 
expected to increase variable factor and capital equipment 
requirements without increasing total production capa- 
bilities. To simulate these effects in the model, total 
variable factor demands (PWK, PWKO, MC, MCO), unit variable 
factor costs (UCAC, UCACOy UCNUB)miands thes cost ofmcapital 
(R2, R4, R5) were multiplied by simulation parameters which 
are assigned values in excess of unity. The specific tests 


performed are indicated in Table III-2. 


The first three tests illustrate the possible 
consequences of pursuing pollution abatement in Ontario when 
similar activities are not undertaken elsewhere. Under these 
conditions, the competitive position of the Ontario industry 
will suffer. Tests four and five assume that abatement 
programs are undertaken throughout Canada and throughout 
North America, respectively. In the latter case, the 
simulation results suggest that there will be no loss in 


competitive position. 
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The parameter values are statistical estimates subject 
Co error. To allowsfor therpossibility that; the,error. is 
Significant and will generate unreasonable simulation 
results, a worst case set of coefficients was constructed 
for testing. For this set of coefficients, :all price 
elasticities in product demand and market share equations 
were adjusted in the direction of greater price sensitivity 
by increasing or decreasing the estimated value of each 
coefficient by one standard deviation. The resulting 
parameters will then generate test solution values of the 
endogenous variables which reflect the model's magnified 
sensitivity. Tests two, four and five were repeated with the 
altered coefficients and the results are labelled S.D.05, 


S.).O5CA,) ands S:..D.050S,0 mespec tiviediy . 


The simulated abatement costs work through the model in 
the following manner. Canadian and Ontario cost increases 
raise product prices by virtue of the: fixed mark-up pricing 
assumption. Higher prices thus depress demand in the current 
period. As a result, output falls and capacity utilization 
declines. This will have a dampening effect on the price 
rise in the newsprint market, but not in other product 
markets. The lower output in each product category implies a 
lower overall industry output and results in lower employ- 
ment of labour and of materials, Supplies and energy. A 
second chain of events unfolds through the capacity 
equations. Higher factor prices will depress capacity growth 


after a two-year lag. The lower capacity for newsprint 


2o45 


production will slow upward movements of newsprint prices. 
In addition, it will decrease the Canadian and Ontario 


shares of the North American newsprint market. 


If cost increases occur only in Ontario, the Canadian 
equations are not affected since there are no feedbacks from 
the Ontario to the Canadian sectors of the model. Ontario 
cost increases will be cause declines in Ontario market 
shares, employment and capacity growth. Because total 
Canadian output is assumed to remain the same, the market 
shares of producers located in the rest of Canada increase 
by an amount equal to the loss suffered by Ontario 


producers. 


If the same abatement cost increases are experienced 
across North America, total continental output will fall but 
Ontario, Canadian and American producers' market shares may 
rise or fall depending on the demand elasticities faced by 


each agroupy. 


Before presenting the simulation results, it will be 
useful to point out some sources of expected bias or 


distortion in. the model: 


= American product prices (PPU, PWU) are exogenous 
so that increases in U.S. unit costs (UCNUB) do 
not affect these prices. The omission of this 


interaction will result in an underestimation of 
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price increases (PPC, PWC) when costs increase 
across) North America. This will, an’ turn, result 
in an underestimation of the impact on Canadian 
Output of other paper and board (SPVR), and 


possibly of woodpulp exports (XWVR). 


The overall impact of these distortions and others that 
undoubtably existPis’ ditt fcule to” ascerptain. Since itias 
occurs in offsetting directions, the net impact should not 
be great. Greater reassurance can be drawn from the fact 
that the model does seem to capture all the major inter- 


actions apparent in the industry. 


Results of the simulation tests are given in Table 
IlI-3 parts (A); (B) and (C). The £irst table shows the 
average impact of the simulation shocks over the full 
period. The second two tables list the first year and final 
year effects which are used to measure initial and long-run 
effects. The direction of change is reasonable in every 
ease’.. Product: prices rise with PEC and PNU iysing by 
practicaldy -the,fuld amount of thepcost, increase, whileva 
Greater portionsof increased (costs -are sebsorbed by producers 
of woodpulp. These results are consistent with Muller's 
observation that the woodpulp sector is considerably more 


competitive than the newsprint sector (Muller; September, 
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The negative impacts on capacity growth in Ontario are, 
with one exception, all less than 1%. Ontario employment and 
Output variables decline by more than 5% only for tests in 
which Ontario production costs alone are increased and where 
the increase is greater than 1%. In particular, the effect 
On Ontario pulp exports (QOTHERO) is relatively strong, 
again supporting the proposition that the woodpulp sector is 
competitive. The exact magnitude of the impact on QOTHERO is 
suspect because of the degree of error in the relevant 
equation. The impact on Canadian employment and output is 
Significantly different from zero only for those tests which 
alter Canadian production” costs “in“addition’ tot Ontario 
production costs. The simulated variables all drop by less 


than 5% and usually by less than 1%. 


The effect on Ontario variables is significantly 
reduced when production costs are increased for producers 
outside Ontario as well as inside. In the case of 
continental cost increases, PPS.05US, Ontario producers 
actually increase output at the expense of other Canadian 
and American producers. We get this result because of the 
configuration Of price’ elasticities in ‘Ontario market? share 
equations. Given the error of the underlying specifications, 
it is better to interpret these estimated increases in 
Ontario output as evidence that the consequences of cost 


increases on Ontario producers will be negligible. 
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Changes in employment are generally less than changes 
in output when it is assumed that there is an offsetting 
demand for labour resulting from abatement activities. Where 
cost increases apply to the rest of Canada or the U.S. as 
well, Ontario mills do not lose workers even if pollution 
abatement activities are assumed to generate no employment 


whatsoever. 


In general, these simulation results reaffirm Muller's 
conclusion that output and employment in the Canadian pulp 
and paper industry is relatively insensitive to exogenous 
changes in cost (Muller, September 1975; p.25). On the other 
hand, the Ontario share of Canadian markets seems to be 
quite sensitive in competitive sectors of the industry (1.e., 
woodpulp), but insensitive in the relatively non-competitive 
sectors (1.e., other paper and board). This conclusion is 
tentative and requires a more rigorous investigation of 


regional competition in Canada to be verified. 


A Similar pattern of responses was obtained with 
Simulations that used the price coefficients altered by one 
standard deviation. Woodpulp exports change substantially 
when costs were altered in Ontario alone and this resulted 
in significant shifts in employment. However, when cost 
Changes were experienced in the rest of Canada and the U.S. 
as well, which is the more realistic situation, Ontario 
Output and investments decreased by less than 5% and employ- 
ment increased. While changes in price elasticity have an 
effect, they were not great and the conclusion of the 


preceding paragraph holds. 
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APPENDI ALY 


This SectionmDescribes Some Ada@itional Simulation Tests 
which can be Performed with the Econometric Model Described 
in this Study 


Se a 


The following simulation tests can be performed on the 
econometric model of the P & P industry described in this 


study. 


Increased Capital Requirements for 
Pollution Abatement 


IR In Ontario alone, multiply user costs of 
capital in Canada (CC in equation 14) bya 
shift parameter. 


Lye In Canada, (not Ontario) mulurply Coin 
equation 17 by a shift parameter. 


Sus Ln. the, UgsS:. alone, ,~multiply user costo: 
Capltal in the U.S. (CU ian -equatioen 15) 
by a shift:parameter, 


4. In separate sectors of the industry, multiply 
the capital cost variables (R2, R5, and: R4) 
in each capacity equation (equations 18, 21, 
22 and 36) by the appropriate shift para- 
metersn., Equation 2d, 22 and230 are all im epee 
newsprint sector and would thus have the same 
shift parameters. 


Capital Assistance Program: 


Reconstruct..cC or CU to incorporate thevert fect. 
the program. The formula for these variables is: 


= r+s =P 
COZ eeu Py ( ) k 
where: PL == DEUee you. lap Lia 
ee interest rate 
S == rate of depreciation of real 


equipment 


change in) the price of capitar, 


> 
< 
as 
T 
I 
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If; for instance, fagproportion, of capital 
equipment, a , is to be given special 
consideration by means of low interest rates, r', 
then the new formula would be: 


= 1+ _ + - 
ee Py (ar (l-a)r+s) AP. 


Increased Variable Costs for Pollution Abatement: 


de, Labour requirements and materials, supplies, 
and energy requirements rise, therefore, 
mudoilply wtheluni tecoest varaaoles!( UGNCkUCACO 
and/or UCNUB) by a shift parameter and 
multiply through the variable factor demand 
equations by the same amount (PWK, PWKO, MC, 
MCO):. 


pa Only labour requirements rise, therefore, 
increase PWK and/or PWKO along with ANC 
and/or ANCO by multiplying through equations 
Lea eg NOs are 


3% Only materials, supplies and energy 
requirements rise, thus increase MC and/or 
MCO along with AMC and/or AMCO by multiplying 
throughvequa tions 270.730) eancd 3... 


Tariff Policies 


hee Imports of Other Paper and Board: 


The tariff on other paper and board imports, 
TPC. «iL Seused inthe. CONStruct ion) Of OP EPC. 
Multiplying TPC byoa Shitt parameter would 
simulate an increase in the tariff. A proper 
simulation of this policy requires first that 
PLPC be entered successfully in the demand 
equation for other paper and board, equation 
13. It should have a positive sign. Without 
this, a shift in TPC will only -be userul in 
revealing the impact of tariffs on the 
domestic price, PPC. 


Pye 
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Exports of Woodpulp: 


A tariff imposed on exports of woodpulp, XWVR 
and QOTHERO, can be simulated by increasing 
the Canadian price variables in equations 

24 and 37; these are PWC/EXCU/WPIU, 
UCACO/EXCU/WPIU, UCAC/EXCU/WPIU. 


Changes in Canadian and American National 
Income: 


Multiply GNEC61 and/or GNEU58 by the 
appropriate shift parameter in the product 
demand and capacity equations. This is not a 
reliable test because the relationship 
between national income and other exogenous 
variables such as newspaper circulation and 
wages is not modelled.1ll 


Changes in the -excheangewnace 


Multiply the exchange rate variable, EXCU, by 
the shift parameter wherever it appears in 
the model (or multiply the original data 
series that is used by the model). 


Effluent Charges: 


Make explicit assumptions about the 
relationship between unit outputs and 
effluent emissions and then simulate a tax on 
effluents by raising unit costs (UCAC, UCACO, 
UCNUB) to reflect the output of associated 
effluents and the level of effluent charges 
under consideration. Factor requirements are 
not altered. 


Miler 4( 2:9" 7-5) eS socae Blea ies 


Johnston, 


Kelejian, H.H. 
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